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SYSTEM, METHOD, AND APPARATUS FOR 
PORTABLE DESIGN, DEPLOYMENT, TEST, 

AND OPTIMIZATION OF A 
COMMUNICATION NETWORK 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention generally relates to a miniature portable 

system for design, deployment, test, and optimization of a 
communications system, such as an indoor or campus-Wide 
Wireless or Wired communication netWork. A handheld 
computing platform is used for the collection and display of 
communication signal properties, the manipulation of com 
munication system components in a communications net 
Work design, and the prediction and optimiZation of com 
munication systems during design, deployment, or 
maintenance operations. 

2. Description of the Related Art 
In recent years the use of Wireless communication tech 

nology, such as cellular phone netWorks, has greatly 
increased. Moreover, it has become common to implement 
Wireless communication systems Within buildings or large 
facilities comprising several buildings. Examples of typical 
Wireless communication systems are local area netWorks 
(LAN), Wide area netWorks (WAN), or cellular phone net 
Works such as PBX, or local loops. Due to the increasingly 
diverse applications of Wireless communication systems, 
system designs have become increasingly complicated and 
dif?cult to implement. Common to all communication sys 
tem designs, regardless of technology, siZe or scale, is the 
need for measurement data at some point in the design 
process. Whether in the initial design stage or the ?nal 
veri?cation stage, no communication system is implemented 
Without the input of measurement data. HoWever, measure 
ment acquisition Within in-building environments is much 
more tedious and time consuming than in the macrocellular 
environment Where measurement acquisition is carried out 
using Global Positioning System data to determine the 
location of the measurement being taken. Global Positioning 
System (GPS) data, Which so many RF engineers have come 
to rely upon for outdoor measurement acquisition, is not an 
option for microcell environments. Therefore, recording 
real-time measurement data Within a building becomes a 
laborious, time-consuming task involving scratched notes 
and blueprints and manual data entry Which are both eXpen 
sive and ineffectual in many respects. 

In addition to measuring RF signal properties from emit 
ted base transceivers there is also a need to measure data 
throughput time in computer data netWorks. Throughput 
time is the time required to transfer a record or ?le of knoWn 
siZe from one computer to another. In order to standardiZe 
the measurement of data throughput time for comparison or 
veri?cation purposes, ?les of a set size (eg 100 K) are used 
and transferred in packet siZes such as 512 bytes. Similar to 
RF signal attenuation, data throughput time is also a function 
of transmission distance and signal obstruction (e.g. Walls, 
doors, partitions), as Well as multipath propagation and the 
speci?c radio modem design. 

Various signal property measurement acquisition tools 
and systems have been developed to aid in the design of 
Wireless communication systems such as PenCatTM, Walk 
about PCSTM and TEMS Light. 
LCC International Inc. offers the PenCatTM as a pen-based 

collection and analysis tool for Wireless communication 
design that runs on a small hand-held tablet computer. The 
PenCatTM system enables a user to roam about a building, 
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2 
take signal property measurement data at a location in the 
building using a receiver linked to the tablet computer, and 
link the measured data to that building location on a com 
puter map representing the building by tapping the appro 
priate portion of the map on the computer screen With a 
stylus pen. The building map can be entered into the 
PenCatTM system by either scanning blueprints, sketching 
the building Within the application, or importing from 
another source. PenCAT uses tWo dimensional bit maps to 
model the building environment. 

Safco Technologies, Inc. offers the Walkabout PCSTM 
system as a portable survey coverage system for use in 
indoor or outdoor Wireless communication system design. 
Similar to PenCatTM, the Walkabout PCSTM system utiliZes 
a hand-held computer linked to a receiver for measuring 
signal properties at a given location and linking the mea 
sured property data to that location represented on a stored 
computer map. Also similar to the Safco Walkabout is the 
Agilent 74XX indoor measurement system, Which also uses 
a bitmap ?oor plan. 

Ericsson Radio Quality Information Systems offers the 
TEMS Light system as a veri?cation tool for Wireless 
communication indoor coverage. The TEMS Light system 
utiliZes a WindoWs-based graphical interface With tWo 
dimensional bit map draWings on a mobile computer linked 
to a receiver to alloW a user to vieW a stored building map, 

make location speci?c data measurements, and link the 
measured data to the represented location on the stored 
computer map. Unlike other in-building communication 
measurement systems, InFielderTM by Wireless Valley Com 
munications, Inc. merges measurement data With periodic 
updates of position location on a three-dimensional model of 
the physical environment. The InFielderTM product concept 
is disclosed in US. patent application Ser. No. 09/221,985 
?led Dec. 29, 1998, and the contents of this application are 
herein incorporated by reference. 

In addition to the above-discussed Wireless communica 
tion systems veri?cation tools, various Wireless communi 
cation system prediction tools have also been devised such 
as Wireless Valley Communications Incorporated’s Predic 
torTM and Ericsson Radio Quality Information Systems’ 
TEMS. PredictorTM alloWs a Wireless communication sys 
tem designer to predict the coverage area of a particular 
Wireless system in a building or across multiple buildings. 
PredictorTM creates a computer simulation using a computer 
stored building or facility database and a de?ned transceiver 
location and type Within the database. Based on the building 
con?guration and building material properties de?ned in the 
database a prediction of the coverage area of the Wireless 
system is extrapolated by site-speci?c propagation Whereby 
rays draWn betWeen the transmitter and receiver and three 
dimensional building information are used for prediction 
computations. The TEMS system predicts indoor coverage 
of a Wireless system based on a stored building map and 
input base transceiver locations and types using statistical 
radio coverage models. 

While the above-mentioned design and veri?cation tools 
have aided Wireless system designers in creating indoor 
Wireless communication systems using building draWings 
and linking data measurements to building draWings, none 
of the devices, eXcept for InFielderTM and PredictorTM, 
incorporate three-dimensional building draWings to enhance 
the design process. Further, the above-mentioned devices 
and systems lack the ability to track a roving user While 
autonomously or passively measuring or collecting netWork 
performance data While uploading or doWnloading the data 
to a remote monitoring location. These capabilities may be 
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required for installation and ongoing monitoring and man 
agement of wireless devices for global network access. 

There have been recent innovations in the use of portable 
handheld computers as information collection devices for 
?eld maintenance and service. River Run Software has 
produced the OnSite software that uses a Geographic Infor 
mation System (GIS) to display street maps of a desired 
location. Using custom designed information gathering 
forms, OnSite allows a ?eld operator to go directly to a 
location, gather information, and either return with that 
information of send the gathered data over a wired or 
wireless communications link to another computer. 
Autodesk, Inc. also produces a software tool called OnSite 
that, although independent of River Run’s OnSite, accom 
plishes a similar task. Autodesk’s OnSite allows a ?eld 
operator to collect information in a remote setting using a 
GIS mapping engine and Oracle database software, and 
return with that information for record keeping, etc. 

The River Run and Autodesk products are strictly outdoor 
?eld maintenance tools and only display two dimensional 
raster images to the user. These products do not address the 
complexities of the three dimensional world of in-building 
systems, which is signi?cantly more dif?cult to model and 
visualiZe due to multiple stories or unique three dimensional 
features. Furthermore, these products only allow viewing 
and retrieval, and do not permit on-site or remote adjustment 
and manipulation of modeled features. 

SUMMARY OF THE INVENTION 

According to the present invention, a system is provided 
for allowing a system designer to dynamically model a 
communications system electronically in any environment. 
The method includes the selection and placement of models 
of various communications system hardware components, 
such as hubs, routers, switches, antennas (point, omnidirec 
tional, directional, leaky feeder, distributed etc.), transceiv 
ers, ampli?ers, cables, splitters, and the like, and allows the 
user to visualiZe, in three-dimensions, the effects of their 
placement and movement on overall system performance 
throughout the modeled environment. Thus, the placement 
of components can be re?ned and ?ne-tuned prior to actual 
implementation of a system to ensure that all required 
regions of the desired service area are blanketed with 
adequate RF coverage, data throughput, or system perfor 
mance. The three-dimensional visualiZation of system per 
formance provides system designers with tremendous 
insight into the functioning of the modeled communication 
system, and represents a marked improvement over previous 
visualiZation techniques. Furthermore, the invention allows 
maintenance personnel to retrieve and inspect previous 
designs, or to rapidly locate components while in a particular 
location. 

To accomplish the above, a 3-D model of the physical 
environment is stored as a CAD model in an electronic 
database. The physical, electrical, and aesthetic parameters 
attributed to the various parts of the environment such as 
walls, ?oors, foliage, buildings, hills, and other obstacles 
that affect radio waves are also stored in the database. A 
representation of the 3-D environment is displayed on a 
computer screen for the designer to view. The designer may 
view the entire environment in simulated 3-D, Zoom in on a 
particular area of interest, or dynamically alter the viewing 
location and perspective to create a “?y-through” effect. 
Using a mouse or other input positioning device the designer 
may select and view various communication hardware 
device models from a series of pull-down menus. A variety 
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of ampli?ers, cables, connectors, and other hardware 
devices may be selected, positioned, and interconnected in a 
similar fashion by the designer to form representations of 
complete communication systems. 
A region of any shape or siZe may be selected anywhere 

within the displayed environment, or automatically selected 
based upon certain criteria (e.g., selecting an entire build 
ing). The selected region is overlaid with a grid containing 
vertices of selectable siZe, shape, and spacing to form a mesh 
or blanket. Each vertex corresponds to a single point within 
the 3-D environment. Thereafter, a communication system 
performance prediction model is run whereby the computer 
displays on the screen at each vertex of the mesh the 
predicted performance values, for instance, received signal 
strength intensity (RSSI), network throughput, packet 
latency, packet error rate, distributed power levels, quality of 
service, bit error rate, frame error rate, signal-to-interference 
ratio (SIR), and signal-to-noise ratio (SNR), provided by the 
communication system just designed. The display is such 
that the computer adjusts the elevation and/or coloring 
including characteristics such as saturation, hue, brightness, 
line type and width, transparency, surface texture, etc., of 
each vertex relative to the surrounding vertices to corre 
spond to the calculated performance values. The coloring 
and elevation may correspond to the same calculated per 
formance value or to different calculated performance val 
ues. For example, elevation may correspond to received 
signal strength intensity (RSSI), and color may correspond 
to signal-to-noise ratio (SNR), or any other of a variety of 
calculated performance parameters. The user is able to 
specify boundaries for this display in terms of selecting the 
range of elevations, colors, or other aesthetic characteristics 
from which the vertices of the mesh are assigned. Alterna 
tively, the system can automatically select limits and ranges 
for the heights, colors, and other aesthetic characteristics. 
The result is a region of ?uctuating color and elevation 
representing the changing wireless system performance 
throughout different portions of the modeled 3-D environ 
ment. The region may be viewed overlaid with the 3-D 
environment. 
An important focus of this invention is the use of minia 

ture, hand-held (e.g., Palm), portable computers which have 
been adapted to provide a technician with a display of all or 
a portion of a three dimensional model, allow for on-site 
manipulation of the model (e.g., adjustments as to choice of 
equipment, placement in the space, and orientation) to 
obtain performance prediction and other valuable informa 
tion. These hand-held portable client computers also provide 
a measurement capability for measuring various communi 
cations performance parameters within the space which 
measurements can be utiliZed either in the hand-held, por 
table client computers and/or be transmitted to one or 
several server computers, which may or may not be similar 
hand-held portable computers. During testing, actual per 
formance values may be measured and entered into the 
hand-held computer (or gathered directly if the hand-held 
computer is equipped with an appropriate measurement 
device) and either sent to one or more of the servers for 
display, logging, and tuning the prediction models or for use 
in the prediction models on board the hand-held computer. 
In addition, the hand-held portable client computers may be 
equipped with global positioning technology or other loca 
tion equipment which allow the technician to locate himself 
within a building or campus. Used in conjunction with the 
measurement features, the technician can have the portable 
hand held computer sample various measurements either 
overtly or passively in the background and have them paired 
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to location information Which Will assist in modeling the 
space and making various optimizing changes in the 
deployed system. Many other advantages in deploying, 
testing, and optimiZing communication netWorks may be 
achieved using the hand-held portable client computers, 
either alone or in combination With the server computers. 
Preferably, the hand-held portable client computers Will 
alloW for the selection of various buildings in a campus 
environment and display various ?oor plan layouts for 
multi-story buildings selected by the technician. 
A method for representing sophisticated 3-D vector data 

bases of buildings and campuses of buildings is described. 
With this system, a ?eld technician can carry the hand-held 
computer into the ?eld and use the displayed information to 
select placement of the components and build the physical 
communication system. Another advantage of the system is 
that ?eld engineers can modify the plan While building the 
physical system. Modi?cations such as removing, adding, or 
editing positions or parameters of components can be 
entered into the hand-held computer acting as a client and 
can be transmitted to the server Where an updated environ 
ment and prediction model can be calculated and sent back 
to the hand-held computer. Alternatively, calculations can be 
performed at the hand held computer, the modi?cations can 
be made, and the updated model can then be uploaded to the 
server. Thus, this system alloWs for bi-directional data How 
betWeen the client and server. Other data, such as measured 
or predicted netWork performance parameters, ?les, photo 
graphs, notes, and general information may be embedded or 
sent separately With the model. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages 
Will be better understood from the folloWing detailed 
description of the preferred embodiments of the invention 
With reference to the draWings, in Which: 

FIG. 1 is a plan vieW of a portable, hand-held computer; 

FIG. 2 is a schematic vieW of a visual campus database to 
be displayed on the portable, hand-held computer; 

FIG. 3 is a schematic of the system of the present 
invention Which includes at least one portable computer and 
at least one server computer Which can exchange data and 

other information; 
FIG. 4 is a How diagram shoWing the opening sequence 

used When obtaining ?les for use on the portable computer; 
FIG. 5 is a schematic diagram Which illustrates the double 

buffering concept Which is used to speed up the information 
displayed to the technician; 

FIGS. 6a and 6b are display screens presented on the 
portable, hand-held computer Which shoW editing of an 
antenna con?guration in three dimensions; 

FIG. 7 shoWs the use of a translation handle to move a 

component such as a base station to a neW location Within a 

?oor plan presented on the screen of the hand-held computer 
in 3-D; 

FIG. 8 shoWs the ability to alter the position and layout of 
a component such as a cable as it is displayed on a ?oor plan 
presented on the screen of the hand held computer; 

FIG. 9 is a schematic diagram illustrating the communi 
cation links betWeen the portable handle client computer and 
the server computer; and 

FIG. 10 is a schematic diagram shoWing the portable hand 
held computer equipped With a measurement device. 
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DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

Using the present invention, it is noW easier than ever to 
design, deploy, test, optimiZe, and maintain communication 
netWorks in and around multi-?oored buildings, campuses 
of multi-?oored buildings, and environments including out 
door 3-D terrain. The present method is a signi?cant 
advance over the prior art in the breadth of information 
presented to the user While operating a portable handheld 
computer. Using the embodiment presented, an engineer can 
cover the complete cycle of design, deployment, test, and 
maintenance for a communications netWork. 

To facilitate navigation Within a multi-?oored building or 
campus of multi-?oored buildings or in an outdoor 3-D 
environment, the present invention provides for a computer 
aided design (CAD) or other similar system to assist in 
creating graphical draWings representing the building sys 
tem. Being able to smoothly navigate Within a physical 
environment including a building or campus of buildings is 
critical for the aforementioned cycle of design, deployment, 
test, and maintenance of communication netWorks. In a large 
system With complex netWork assets, a sophisticated infor 
mation management system is especially necessary during 
the design and deployment and maintenance stages. 
An exemplary embodiment of the invention runs on a 

portable handheld computer. The current embodiment uses 
the Palm IIIC portable handheld computing device, as 
shoWn in FIG. 1, from Palm Computing Inc, of Santa Clara, 
Calif. One skilled in the art Will see that many other portable 
handheld computers could be used as hardware platforms 
While staying Within the spirit of the present invention. Some 
examples for other potential hardWare platforms Would be 
cellular phones, other personal digital assistants (PDAs) 
running the PalmOS operating system (OS) from Palm 
Computing, Inc. of Santa Clara, Calif., Pocket PC s running 
the WindoWs CE OS from Microsoft, Inc. of Redmond, 
Wash., and in some cases larger pen tablet computers 
running a member of the WindoWs operating system family 
or another poWerful OS such as Linux or Be. 
The hand-held computer 10 is programmed to provide on 

the display 12 tWo-dimensional layouts and three-dimen 
sional images of a building or campus in Which a commu 
nications netWork is or Will be deployed. As an example of 
the type of softWare Which could be used in the practice of 
this invention, Wireless Valley Communications, Inc. of 
Blacksburg, Va. markets a softWare product named SitePlan 
ner® Which is a tool suite that has computer aided design 
(CAD) facilities that can provide the layout of buildings and 
3-D terrain, insert morphological objects such as trees, 
shrubbery, or human populations, and place netWork com 
ponents. In a preferred embodiment, a 3-D environmental 
database is created in SitePlanner® to model the physical 
environment under study, as disclosed in co-pending appli 
cation Ser. No. 09/218,841, ?led on May 26, 1999, the 
complete contents of Which is herein incorporated by refer 
ence. The resulting de?nition utiliZes a specially formatted 
vector database comprising lines and polygons that represent 
physical objects Within the environment. The arrangement 
of lines and polygons in the database corresponds to physi 
cal objects in the environment. For example, a line or other 
shape in the database could represent a Wall, a door, a tree, 
a building Wall, or some other physical object in the modeled 
environment. 

SitePlanner® has been designed as a Wireless communi 
cations planning, design, test, and optimiZation tool suite. 



US 6,971,063 B1 
7 

The powerful CAD facilities that SitePlanner uses to model 
buildings are not unlike the capabilities of most common 
CAD tools. As such, one skilled in the art could easily see 
hoW other CAD packages could be used to generate similar 
3-D representations of multi-?oored buildings and campuses 
of multi-?oored buildings. 

The current invention presents a method for compactly 
representing the database of physical objects Within the 
environment. One novel aspect of the invention is the use of 
a 3-D environment database designed for a portable hand 
held computer. Current portable handheld computers lack 
the vast amounts of hard disk storage, random access 
memory (RAM), or processor speed common to desktop 
Personal Computers (PC s). The present invention provides 
a method for representing sophisticated 3-D vector data 
bases of buildings and campuses of buildings in a compact 
space suited for a portable handheld computer system. 

The term vector format is used here to mean a represen 
tation for a point in some logical space. In dealing With 3-D 
vector systems, three spatial coordinate axes, X, Y, and Z, 
are typically used to represent a point in space. The vector 
database speci?es the boundaries of the vector space used, 
often giving a transformation matrix to convert points in the 
database vector space With a physical units system such as 
inches or meters. To represent lines, circles, or other com 
pound shapes, a vector database uses sequences of vector 
points. For instance, a line in 3-D is usually speci?ed With 
a starting point and ending point. Polygons are typically 
speci?ed as a set of 3-D vector points. 
A raster format is drastically different from the vector 

format described above. In a raster database, every point in 
the speci?ed space must be identi?ed With a value. For 
instance, the most common type of raster database is the 
bitmap image, Where the value of every point, or pixel, in the 
image is given. A raster representation is typically far less 
compact than a vector representation, and additionally is 
usually not easily scaled to shoW ?ner resolution details. 
Thus a vector database is preferable When dealing With a 
portable handheld computer With limited storage facilities. 

SitePlanner® preferably uses the .dWg vector database 
format of Autocad, a product of Autodesk, Inc. of San 
Rafael, Calif. The .dWg ?le format Was not designed for use 
in a computer With limited storage or display capabilities, 
and so the present embodiment uses a ?le format termed 
Wireless Valley Communications Portable Database, or 
“WPD”. A“WPD” ?le is a ?le that is simply constructed so 
that storage space, bandWidth, and processor poWer need not 
be excessive. In a .dWg ?le, large ?oating-point numbers are 
used to specify coordinates in the vector space; hoWever, a 
WPD ?le uses a simpler integer representation to specify the 
same coordinates. While the .dWg ?le does give more 
precision that than Would, given the limited display facilities 
of a portable handheld computer, the remarkable precision 
of .dWg is not required. 

To compactly represent shapes such as lines, circles, and 
even text or contour surfaces, the WPD speci?cation uses 
instruction commands knoWn as opcodes, and associated 
instruction parameters termed operands. There are unique 
opcodes that tell the softWare reading the WPD ?le Where to 
draW a line, What color to use When draWing the line, hoW 
thick the line should be draWn, etc. Each of these opcodes 
uses different operands to inform the softWare reading the 
WPD ?le hoW or Where to draW the object. For instance, 
along With the opcode for draWing a line, the operands 
specify the beginning and ending vector points for the line. 
When an application is reading a WPD ?le, the opcodes are 
parsed sequentially. That is, the opcodes come in a chrono 
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logical order according to hoW objects should be displayed 
on the screen or commands should be executed. 
When storing opcodes and operands in a WPD formatted 

?le, binary-only data is Written. The present invention differs 
from some prior art that alloWs ASCII strings to represent 
instructions or opcodes. By using a binary representation, 
the WPD ?les Will be signi?cantly smaller. On top of the 
compact binary representation, the WPD ?le may be com 
pressed using the LZ77 compression technique. The LZ77 
compression algorithm is a standard mechanism for exploit 
ing redundancy in data streams. More information on the 
LZ77 compression algorithm can be found in Ziv J ., Lempel 
A., A Universal Algorithm for Sequential Data Compres 
sion, IEEE Transactions on Information Theory, Vol. 23, No. 
3, pp. 337—343. 
The WPD speci?cation, in terms of its use of binary 

opcodes and operands to compactly store data, is not a neW 
concept. Signi?cant prior art can be exhibited: the WindoWs 
Meta?le (WMF) speci?cation from Microsoft, Inc. of Red 
mond, Wash.; the DraWing eXchange Format (DXF) from 
Autodesk, Inc. of San Rafael, Calif., the DraWing Web 
Format (DWF) also from Autodesk, Inc. of San Rafael, 
Calif., and many others, some of Which even apply com 
pression techniques such as LZ77 and others. HoWever, 
none of the prior art contemplates use on a portable handheld 
computer nor does previous art provide a measure for 
display of a three dimensional environment that includes 
integration of netWorking components, and communication 
system performance When providing remote monitoring 
through a server. 
The present embodiment preferably exists in part as a 

module Within the SitePlanner® tool suite. This module 
Within SitePlanner® provides functionality so that a user can 
export a .dWg database of a 3-D environment into a compact 
WPD ?le Which conserves memory and bandWidth When 
compared With .dWg and other draWing formats. To export 
a .dWg ?le, each building, tree, ?oor, plant, Wall, elevator, 
etc. must be translated from the representation in a 
SitePlanner®.dWg ?le into the corresponding representation 
Within the WPD ?le. Such a translation is preferably done 
using a look-up table (LUT) Where representations in the 
.dWg format have a corresponding representation using 
WPD opcodes and operands. In the current embodiment, 
each building is exported into a unique WPD ?le. The 
exported ?le is ready to be packaged for use on a portable 
handheld computer. 

In addition to fully supporting a vector format for repre 
senting a physical 3-D environment, the current embodiment 
supports users Who only have raster images of the environ 
ment or building. To construct a 3D representation of a 
multi-?oored building, a user may use a collection of 2-D 
raster images stacked together. While consuming consider 
ably more memory, it has been found that many users do not 
have access to electronic CAD draWings of a building, and 
are forced to use scanned blueprints or other raster images. 
The present invention preferably employs a novel man 

agement feature termed the “visual campus database” to 
assist in organiZing a campus of multi-?oored buildings. 
Using the previously de?ned WPD format, a 2D pictorial 
representation, either vector or raster, can be used to display 
a campus of multi-?oored buildings from a top-doWn vieW, 
as shoWn in FIG. 2. When entering a building, the user vieWs 
the display of the hand-held computer and taps or selects the 
pictorial representation of the desired building 14. In the 
present embodiment, a building hyperlink opcode is used to 
instruct the softWare in the hand-held computer Where to 
?nd the WPD ?le associated With the selected building. 
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Using a building hyperlink reduces memory usage and 
improves drawing time, tWo critical features for operation on 
a portable handheld computer. 

In the current embodiment Where a Palm IIIC portable 
handheld computer is used, a Palm DataBase (PDB) header 
structure must be placed at the top of each WPD ?le When 
it is ?rst created. The PDB header tells the PalmOS What the 
name of the database is, the type of database, the application 
associated With the database, among other management 
utilities. In the case of the current embodiment, each WPD 
?le is assigned a database type referred to as “WPDB” 
indicating Wireless Valley Communications Portable Data 
Base. The creator ID, that is the application associated With 
the WPD ?le, is given an alphanumeric tag indicating it Will 
be employed on the hand held computer. In the preferred 
embodiment, a four letter tag is used for implementation on 
a Palm IIIC. 

In the present embodiment, a WPD database, having had 
the PDB header structure inserted, is given the extension 
.pdb. The .pdb ?le is then ready to be transferred from the 
desktop PC to the portable handheld computer and stored on 
the portable hand held computer. In the current embodiment, 
the transfer from desktop PC to portable handheld computer 
uses the hotsync docking cradle accessory supplied With the 
Palm IIIC. 

Referring noW to FIG. 3, the docking cradle 16 connects 
to the serial port of the PC 18, alloWing for a transfer of Palm 
OS applications (.prc ?les) and databases (.pdb ?les) 
through the serial link 20. With the Palm IIIC secured in the 
docking cradle, a program supplied by Palm Computing, 
Inc. of Santa Clara, Calif. is used to transfer the .pdb 
database. The use of the transferal program is transparent to 
the end-user, masked by a background application call from 
Within SitePlanner®. The user then removes the portable 
handheld computer 10 from the docking cradle 16 and is 
ready to begin operating the hand held computer 10. Of 
course, it Will be understood by those of skill in the art, that 
information can be transmitted betWeen the hand-held com 
puter 10 and the PC 18 by means other than a serial link 20 
(e.g., other Wired or optical connections, Wireless connec 
tions, etc.). In the present invention, the hand-held computer 
10 serves as a “client” to the PC 18 Which serves as “server”. 

In the invention, there may be one or a plurality of clients 
and one or a plurality of servers. In addition, the clients and 
servers can transfer, store, and display information to and 
amongst each other by a variety of methodologies including 
electrical or optical link or Wireless communication. 

As shoWn in FIG. 4, When the softWare is started at 22, the 
system checks to see if there are any present visual campus 
databases at decision block 24. If there are no campus 
databases present, a list of single building databases is given 
at block 26. If a visual campus database Was found and 
selected at block 28 (such as that shoWn in FIG. 2), the user 
then graphically picks Which building is to be entered at 
block 30. The selected building database is then opened for 
reading at block 32. By default the ?rst ?oor of the building 
is draWn on screen at block 34. Note the user may use the 
visual campus database to represent any large outdoor 
environment, such as a city or a coverage area typically 
served by macrocellular Wireless systems. 

In the present embodiment, only one ?oor of each build 
ing may be displayed at a time. HoWever, it Will be under 
stood by those of skill in the art that 3-D visualiZations could 
be used to provide more information to the user. A list of 
?oors in the current building is preferably provided to the 
user in the Graphical User Interface (GUI) on the portable 
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handheld computer. As the user moves from one ?oor to 
another, the current ?oor may be selected from the list of 
?oors. 
The hand held computer and softWare can employ a 

method for draWing and storing the current ?oor knoWn as 
double buffering, as shoWn in FIG. 5. Double buffering 
involves draWing the current ?oor into an off-screen buffer 
in memory 36. In the present embodiment, the off-screen 
buffer may be larger than the primary display 12 siZe. Thus, 
the current vieW, or vieWport 38, occupies a smaller rect 
angle Within the off-screen buffer 36. The vieWport 38 
alWays has the same or smaller resolution siZe as the primary 
display 12. Using double buffering reduces ?icker and 
apparent draWing times. To draW the active vieWport 38 on 
the actual display screen 12, the Palm OS softWare devel 
opment kit is used to copy the data Within the off-screen 
buffer into the display screen’s buffer. 

In the current embodiment, to pan around in a building 
?oor, the user selects the pan button on the graphical user 
interface (GUI). Tapping on the screen and dragging the 
stylus around Will cause the vieWport 38 WindoW location to 
change Within the off-screen buffer 36. As the vieWport 
coordinates change, the screen is updated by recopying the 
visible area onto the display. Zooming in and out of a 
draWing is implemented in a similar fashion. When the user 
selects a Zoom tool button (either Zoom in or Zoom out) on 
the GUI and taps on the screen, the vieWport WindoW siZe is 
changed accordingly, and the screen is redraWn using the 
tapped location as the neW center for the draWing. The 
maximum Zoom level occurs When the vieWport WindoW is 
scaled such that the number of pixels in the display WindoW 
matches the number of coordinate points in the WPD ?le 
contained Within the active vieWport WindoW. User interface 
buttons 40 can be used to do the navigation described above. 
Alternatively, soft keys could be displayed on the screen of 
the portable computer 10 Which Would alloW Zoom and 
movement of the vieWport 38. 
The technique described above, as Well as other compa 

rable techniques, alloWs one to easily navigate Within a 
complex system of multi-?oored buildings. 

Building material properties such as Wall densities and 
material types, glass thickness, etc. or material manufacturer 
names and sources can be also embedded Within the WPD 
?le. When a building ?oor is vieWed in the present embodi 
ment, the user may select a building object and vieW the 
object’s properties directly on the portable handheld com 
puter 10. In the current embodiment, to vieW the object’s 
properties, the user preferably taps or clicks on the object 
and selects “Properties” from the Edit menu displayed 
hand-held computer 10. A neW WindoW, or “form” in Palm 
OS terminology, Would then be displayed shoWing the 
embedded material properties, manufacturer information, 
etc. Clearly, alternative methods could be used to identify 
and indicate the materials property on the display screen of 
the hand held computer. The important feature is that in the 
system contemplated by this invention, the technician 
charged With deploying or optimiZing the communications 
netWork is provided With a hand-held computer from Which 
he can vieW the components contemplated for the system, 
and can, Within his or her discretion select alternative 
components for use in the system and be provided With 
information shoWing the effects different materials selec 
tions Will have on the system being deployed or optimiZed. 

This system can also have embedded information speci?c 
to a communications netWork. For instance, attenuation 
properties of building objects can be stored Within the 
database. In the present embodiment, a means for embed 
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ding communication network components Within the WPD 
?le has been speci?ed. Components such as base stations, 
antennas, coaxial cable, tWisted pair cable, ?ber optic cable, 
telephone Wiring, couplers, ampli?ers, equalizers, hubs, 
sWitches, routers, ?reWalls, poWer distribution components, 
and more can all be speci?ed Within SitePlanner®, and be 
exported in a WPD ?le as disclosed herein, and vieWed using 
the hand held computer 10. 

Preferably, the user can manage all netWork speci?c assets 
using a bill of materials from SitePlanner® as speci?ed in 
pending application Ser. No. 09/318,842 ?led May 26, 1999, 
the complete contents of Which is herein incorporated by 
reference. In addition, asset management data such as physi 
cal condition, installation cost, component cost, deprecia 
tion, maintenance schedules, and important facilities man 
agement information may be stored and displayed. To vieW 
bill of materials information on the portable handheld com 
puter 10, the embedded netWork components and their 
physical locations Within the environment are extracted from 
the WPD ?le and linked into a list of assets. In the present 
embodiment, the user may vieW the list of assets by selecting 
VieW BOM Within the “Tools” menu item on the hand held 
computer 10. A list of all the netWork components is 
displayed along With part information such as price, manu 
facturer, and performance characteristics. Simultaneously, 
the user may vieW the location of all such components 
Within a 2-D or 3-D representation of the environment. 

In addition to being able to display and manage a com 
munication system’s components, the present invention 
alloWs ?eld engineers to modify a system’s con?guration 
While operating Within the building or campus of buildings. 
Modi?cations such as removing, adding, or editing loca 
tions, positions or parameters of components are supported 
in the present embodiment. To remove a netWork compo 
nent, the user simply taps or clicks once to select the object, 
and then speci?es Remove Object from the Edit menu. To 
add a component, the user selects the Add Object from the 
Edit menu. Aseries of WindoW dialogs, or forms, guides the 
user through the selection of a netWork component. The ?rst 
feW forms specify the general class of object such as 
Wireless equipment, Wired telephony component, optical 
?ber asset, etc. Later forms, based on the general class of 
component selected, vary such that speci?c information can 
be entered. For instance, in a Wireless communications 
system, a base station may be placed Within the active ?oor. 
In the same system, an antenna or cabling system can be 
placed to connect With the base station. Once components 
have been added to the building system, or if components 
already exist, the user may edit the con?guration, layout, and 
properties of an object. To edit the netWork component 
properties, the user may tap or click on the object tWice in 
succession, or, having tapped or clicked on the object once, 
choose the Properties command Within the Edit menu. A list 
of the current objects’ properties is displayed. 
Where possible, the user may edit the object’s con?gu 

ration or properties. For instance, an antenna system may 
have a certain rotation in three dimensions. A preferred 
embodiment alloWs the user to specify a neW rotation and 
orientation by choosing rotation angles from each of the 
three primary spatial axes, all While displaying the antenna 
system in a Wireframe 3-D vieW, as shoWn in FIGS. 6a and 
6b. Speci?cally, FIG. 6a shoWs a three dimensional vieW 
Where soft keys “x”, “y” and “Z” are used to edit the antenna 
con?guration, and FIG. 6b shoWs tWo 2D vieWs With the soft 
keys “x”, “y” and “Z” being used to edit the antenna’s 
con?guration. 
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Other components may also be edited or moved through 

out the displayed environment depending on the changeable 
parameters available for the selected object. The technique 
for making these edits Will depend on the softWare being 
used on the portable computer 10. An important feature of 
this invention is that the technician is permitted to make 
changes in parameters, components, locations, and orienta 
tions of components, on the ?y at the site of installation for 
the communications netWork, While having the ability to 
communicate With a server With a Wireless or Wired link for 
updates to the environmental model. The portable handheld 
computer also stores and displays the updated environment 
model and the changed netWork con?guration. Preferably, 
the technician Will be provided With immediate information 
at the hand held computer based on prediction models being 
loaded thereon that Will predict the effects of the modi?ca 
tions imposed or suggested by the technician. Alternatively, 
this computation could be performed at the server Wherein 
the hand held computer uploads the information, computa 
tions are performed, and the server doWnloads the results to 
the client computer. The modi?cations can be uploaded to 
one or more server computers, or they may be transmitted to 
other portable, hand-held client computers (one might have 
a plurality of hand-held client computers in the system, for 
example, if several engineers are Working at optimiZing 
and/or deploying the communications netWork at the same 
site. 

Nearly all objects may be moved While vieWing the 
building ?oor in the present embodiment. Referring noW to 
FIG. 7, there is shoWn a communications component 42 
positioned at a location on a ?oor of a building, With the 
?oor plan shown generally as 44. To move the component 
42, the user selects the desired object by tapping or clicking 
on the object’s draWn location. Depending on the type of 
component 42, a set of modi?cation or translation handles 
are presented. All objects Will have translation handles used 
to move the component Within the draWing While keeping 
the current orientation and layout. For instance, When a base 
station (component 42) is selected, a box 46 With an X inside 
can be displayed next to the base station. The user may click 
or tap on the box 46 and drag the pointing device around to 
specify a neW location for the base station. Other compo 
nents Work in an identical fashion for merely translating the 
object. 
Some components may be re-oriented on the display 

screen. For example, a cable system may be altered in the 
manner it is routed Within a building. As shoWn in FIG. 8, 
the user can be shoWn a solid box 48 at each vertex of the 
cable system 50. Tapping or clicking on the solid box and 
dragging the pointing device around causes the vertex 
location to change. For illustrative purposes, FIG. 8 shoWs 
the translation handle 52 connected to vertex 54 of the cable 
Which Will alloW this vertex to be moved from the Wall 56. 
The end of the cable 50 is connected to component 58 Which 
can also be moved as described above in connection With 
FIG. 7. In a preferred embodiment, the user may additionally 
select a Force SiZe constraints option With the Options menu 
to force any changes to a cable system to use the existing 
lengths of cable. Other techniques may also be used for 
addressing the movement and/or repositioning of cables and 
the like. An important feature of this invention is that the 
cable position, or “proposed” cable position, is identi?ed to 
the technician on his or her portable hand held computer, and 
he or she may re-position the cable into alternative positions 
based on his or her on-site assessment of the building or 
other structure or geographical area in Which the cable Will 
be located. As discussed in conjunction With FIG. 7, and 
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FIGS. 6a and 6b, this invention allows both the location and 
orientation to be altered on-site in a similar fashion, and still 
further, the invention alloWs for the selection of diverse 
components (e.g., selection of a particular type of antenna 
from a schedule of several different antennas) for installation 
at the site, With all of these selections being made possible 
at the site by the technician, and the technician is provided 
With immediate feedback on hoW these changes Will affect 
the overall communications system. Examples of the types 
of components Which are used in practice and Which might 
be modeled Within the practice of this invention include base 
stations, base station controllers, ampli?ers, attenuators, 
antennas, coaxial cabling, ?ber optic cabling, connectors, 
splitters, repeaters, couplers, leaky feeder cables, hubs, 
sWitches, routers, ?reWalls, poWer distribution lines, copper 
Wiring, tWisted pair cabling, and Wireless access points. In 
addition, transducers and converters such as devices that 
convert optical signals to RF or baseband signals might be 
modeled. The portable computer/server combination may 
also track the cost and performance criteria (i.e., a bill of 
materials) for various components selected by or substituted 
by the engineer using the hand held computer, such that a 
complete listing and display of charges and performance can 
be obtained during the design, deployment or optimiZation 
processes. 

Existing softWare systems may alloW a user to vieW 
communications netWork systems. HoWever, prior to this 
invention, no prior art system alloWed the management 
described above to occur on a portable hand-held computer. 
This invention is the ?rst to recogniZe that portable hand 
held computer systems can be used to store and present three 
dimensional representations of buildings, campus areas, 
topography of geographic terrain, etc., and to alloW these 
displayed systems to be modi?ed on the ?y, With immediate 
computational feedback from doWnloaded models, thereby 
permitting the fast and efficient deployment and optimiZa 
tion of communications netWorks. 

With reference to FIGS. 2 and 4—8, it can be seen that the 
present invention contemplates that multiple ?oor plans may 
be stored either on the portable computer or server (in Which 
case the portable computer can retrieve these plans from the 
server), and that these ?oor plans can be displayed on the 
portable computer (either in 2-D or 3-D). The engineer Will 
be able to select among one or more buildings (as shoWn in 
FIG. 2), and then be able to display the ?oor plan for speci?c 
?oors in a multi-story building selected (or the ?oor plan for 
a single story building) on the display of the portable 
computer. As shoWn in FIG. 5, the engineer can then 
selectively display different portions of the ?oor plan by 
moving the vieW port. It should be understood that these 
techniques can be used in any physical environment Which 
is modeled in a three-dimensional model (e. g., topographical 
terrain, etc.). 

The WPD ?le format contemplated herein is capable of 
representing the complete building and netWork database 
information. In the present embodiment, When a user adds, 
removes, or modi?es a netWork component con?guration 
and uploads this information to a computer running 
SitePlanner®, the SitePlanner® softWare can completely 
reconstruct and store a .dWg ?le With all the necessary data 
such that the user may use the SitePlanner® tools to further 
a design on the desktop PC. To reconstruct the .dWg ?le 
Within SitePlanner® the process for exporting the WPD ?le 
is reversed. That is, the look-up table (LUT) described 
previously is reversed, and opcodes and operands contained 
in the WPD ?les are translated into the .dWg representations. 
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In one embodiment, to upload WPD database ?les from 

the portable handheld computer onto a server Which could 
be a desktop PC, the user places the portable handheld 
computer into the docking cradle attached to the desktop PC. 
Extensions made to the SitePlanner tool suite guide the user 
through the import process. The WPD database ?les con 
tained on the portable handheld computer are queried, that 
is, the desktop PC softWare requests a list of database ?les 
marked as type WPDB as discussed previously. The list 
returned is presented to the user for selection. In the current 
embodiment, the databases selected by the user are trans 
ferred from the portable handheld computer onto the desktop 
PC via the serial port interface. Using the aforementioned 
translation process, .dWg ?les are reconstructed for each 
WPD ?le transferred. 

In addition to being able to transfer, display and store data 
betWeen the portable hand-held client and other client or 
server computers via a serial port interface (the serial port 60 
being shoWn in FIG. 1), the present invention also contem 
plates a novel method for transferring, storing and display 
ing data in the ?eld over a Wired or Wireless netWork 
medium, as shoWn in FIG. 9. Using such a method, the ?eld 
engineer may communicate design changes back to a desk 
top PC 100 running SitePlanner® or some other capable 
softWare for other engineers to examine in real-time or 
off-line. To minimiZe the quantity of transferred data, a 
method of tracking revision changes could be employed. 
Preferably, the WPD ?le format employs change-tracking 
opcodes, such that only the data marked as changed needs to 
be sent over the communication link. When the user opens 
a communication link to a desktop PC 100 running SitePlan 
ner® or some other capable software, a copy of the WPD ?le 
is stored locally to the desktop PC 100 such that any changes 
made using the portable handheld computer 102 Will be 
merged into the copy stored locally on the desktop PC 100. 
Other users may not modify the database ?les on the desktop 
PC While the communication link remains open, preventing 
multiple users from making changes to the ?le at once. 

It is also possible, and preferable to have the facility of 
alloWing a mobile user to communicate site-speci?c infor 
mation back to a central server or repository. Autodesk, Inc. 
has developed the OnSite technology that alloWs a ?eld 
technician to carry a portable handheld computer into the 
?eld and visualiZe a Geographic Information System (GIS) 
database of street maps. The ?eld technician may then place 
survey information Within the database and transmit the 
information to a server over a Wired or Wireless link. The 

present embodiment extends this concept signi?cantly in 
that the current invention alloWs for 3-D physical environ 
ment information to be sent into the ?eld, and also alloWs for 
complex communications netWork information and mea 
sured and predicted performance data to be vieWed, manipu 
lated, stored and transmitted back to another computer over 
a Wired to Wireless link. In the preferred embodiment, a 
position-tracking device may be attached to or incorporated 
in the portable handheld computer 102 so that a user’s 
movements Within the environment may be tracked and 
displayed. Using such a system, a ?eld technician Will knoW 
precise location information While navigating through an 
environment. Some examples of position-tracking devices 
include Global Positioning System (GPS) antennas, laser 
range ?nder scanners, tilt sensor based dead-reckoning sys 
tems, or some other positioning device knoWn noW or in the 
future. Interface boxes 104 and 106 alloW this information, 
as Well as other data, to be transmitted betWeen the portable 
hand held computer 102 and the server computer 100. For 
example, after the technician makes changes on the portable 




















